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And the imaginary parts of Rk1 and Rk2 follow N(0,σ2
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Thus, the peak metrics, |Rk1| and |Rk2|, follow the same
Rician distribution given by
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where I0(•) is the zero-order modiﬁed Bessel function of
the ﬁrst kind [15]. Assuming the ideal correlation property
of the training sequences, both real and imaginary parts of
the side-lobes are zero-mean Gaussian distributed random
variables with the variance of σ2
R. Hence, the side-lobe metric
|Rk|k =k1,k2 has the Rayleigh distribution given by
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The expectations of the correlation peak and side-lobes
given different SNR values are illustrated in Fig. 4, where the
dashed lines indicate the standard deviations from the expec-
tation. We can observe that for SNR≥−5 dB, the correlation
metric can reliably detect the peak.
Next the probability of false detection is analysed. Consid-
ering the ﬁrst half of {Rk}, the probability that the side-lobe
|Rk|k =k1 is larger than |Rk1| is given by
P
 
|Rk|k =k1 > |Rk1|
 
=
  +∞
0
y
σ2
R
e
−
2y2+µ2
R
2σ2
R I0
 µR   y
σ2
R
 
dy.
(17)
The false peak detection probability is therefore given by
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Fig. 4. Expectations of the correlation metric for the proposed preamble
design in the AWGN channel given different SNR values, where the dashed
lines indicate the standard deviations from the expectation.
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Fig. 5. False detection probability of the proposed signalling detection over
the AWGN channel.
Only when the both peaks are detected, the estimation of ∆L
and mint can be achieved. Thus the false detection probability
for ∆L, denoted as PFD,∆L, and the false detection probability
for mint, denoted as PFD,mint, are given by
PFD,∆L = PFD,mint = 1 − (1 − Pf)2. (19)
PFD,∆L or PFD,mint is the false detection probability of the
correlation detector, which is the function of SNR.
In order to guarantee that the receiver works properly,
the signalling has to be detected with no error. Therefore,
signalling error rate (SER), deﬁned as the false detection
probability, was used to evaluate the performance of the
signalling detection. Fig. 5 depicts the signalling detection
performance of the proposed preamble in the AWGN channel.
The solid curve in Fig. 5 gives the theory lower bound through
a numerical computation of (17) to (19). However, for the
practical system which has imperfect timing and non-ideal
factional CFO compensation, a 0.4 dB degradation from the
lower bound is observed in Fig. 5. This degradation from the
theoretical lower bound is mainly due to the following two
factors. Firstly, coarse timing position causes a loss of data
and phase rotation after FFT operation. Secondly, residual
fractional CFO also causes SNR loss, which can be quantiﬁed
as [12]
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where ε = ffrc− ˆ ffrc is the normalised residual CFO after the
fractional CFO compensation.
The signalling detection performances of the P1 symbol in
DVB-T2 are also shown in Fig. 5 for comparison. Note that
the S1 and S2 ﬁelds of the P1 symbol have different priorities
while the 7-bit signalling of the proposed preamble has the
same priority. The proposed signalling could achieve similar
robustness as the S1 signalling, while outperforming the S2
signalling by about 0.5 dB.